The studies were conducted in the summers of 2017 and 2018 on three watercourses in Central and North-Western Poland, the where maintenance works involving disposal of sediment and silt were performed in the autumn of 2017. Monitoring of the ichthyofauna in the Rurzyca River and the Tywa River before (year 2017) and after the maintenance works (year 2018) indicated a decrease in the number of species. Altogether, 23 fish species were caught in all the watercourses. Out of these, 12 species were not recorded after the studied rivers had been dredged. A slight decrease in the number of fish species was observed in each studied river after the maintenance works. The values of physicochemical parameters obtained for each watercourse indicate a low quality of the waters. After silt had been removed from the watercourses, lower N-NO 3 values were observed at most research sites, whereas the N-NH 4 + values increased significantly (except for one site on the Kanał Habdziński). Additionally, high volumes of P-PO 4 3were observed (except for sites 2 and 3 on the Kanał Habdziński and site 2 on the Rurzyca River). Maintenance works performed on small watercourses have a negative impact on the quality of waters and a less significant impact on the number of fish and biodiversity. This appears to be connected with migration of fish in the river during the maintenance works and avoidance of the consequent unfavourable conditions to gradually return to their habitats afterwards.
INTRODUCTION
Flowing waters constitute Ecosystems exposed to permanent and frequent natural and anthropogenic changes are. Seasonal high water levels and periods of low water levels associated with low river flows (especially in the summer and early autumn) affect the morphological conditions of a river bed, the flora and fauna (Kazanowska 2012; Cavailléa et al., 2013) . Aside from the climatic factors, intensification of agriculture also plays a significant role. The runoffs of biogenes and municipal sewage into rivers contribute to the process of eutrophication (Luek and Rasmussen 2017; Wojciechowska et al., 2019) . Anthropogenic watercourses with unnaturally increased physical and chemical parameters of water can disturb reproduction, embryonic development, metamorphosis and breeding, consequently leading to eradication of numerous water organisms (Haidekker and Hering, 2008) . High eutrophication of watercourses very often results in significant sedimentation, but also complete overgrowth with macrophytes, which leads to slower water flow, and in extreme cases, even to the desiccation of a watercourse. The lack of water passability may also result in the flooding of the neighbouring areas. Therefore, it is a duty of the owner of the waters to maintain them, but also to guarantee the achievement of environmental aims. Typical maintenance works include silt disposal through the removal of excess sediments, removal of rushes from the banks as well as from the riverbed and elimination of obstacles such as fallen trees or branches, in order to increase water flow in the river channel. Recently, calls for both the need to intensify maintenance works and opinions of a strongly degrading effect of such works and regulation of river ecosystems have appeared (Bondar-Nowakowska and Hachoł, 2015). It is presumed that silt removal may have a significant effect on the population of river ichthyofauna (Stammler et al., 2008; Ward-Campbell et al., 2017) . Much is known about the changes in the hydrology of the stream induced by drainage, but the effect of maintenance works in watercourses on biodiversity has not yet been scrutinised thoroughly enough to find the effective methods for the mitigation of changes in an ecosystem (Louhi et al., 2010) .
Due to their small area and length, small natural streams do not arouse interest from the fishing and angling industry and, as confirmed by research, these are a habitat for numerous fish species (Meyer et al., 2007) which might be sensitive to prolonged periods of low water flow in modified watercourses in combination with seasonal desiccation (Jutila et al., 2001) and increased sedimentation of watercourses (Kemp et al., 2011). Small watercourses located in agricultural areas and even draining systems might constitute important habitats for fish and, in some cases, for the endangered ichthyofauna species (Montgomery et al., 2018) . Due to the significant effect on the hydrochemical water pollution and fish habitats in the main watercourse, small watercourses may constitute an interesting object of studies for fish population ecology.
Our studies assessed the effect of silt removal in selected watercourses on the condition and population of ichthyofauna and changes in the hydrochemical and environmental parameters resulting from maintenance works that had been performed.
MATERIAL AND METHODS
The studies were conducted on three selected watercourses located in North-Western Poland (the Tywa River and the Rurzyca River) and in Central Poland (Kanał Habdziński) ( Fig. 1 ). Three research sites were selected on each river. The rivers were selected for studies because the maintenance works involving silt removal had been scheduled for them. The studies were conducted in the summers of 2017 and 2018. Such selection resulted from the fact that in late autumn of 2017 (Sept.-Nov.), maintenance works were performed at each research site, so the authors were able to assess the changes before and after the works.
The fish were caught using Electric Fishing Device Type ELT 60 II GI. The following norms were observed during the fishing: CEN EN 14011 2003 and PN-EN 14011 2006, because obtaining reliable information on the distribution and domination of species in rivers requires electric fishing, taking into consideration the unique nature of a given watercourse. Fishing at each site was performed by wading against the tide at 100-metre sections. The fish caught at each site were divided by species and the number of specimens of each species was determined.
In order to assess the environmental conditions, temperature, electrolytic conductivity (EC) and pH were measured using a HACH multiparameter and the volume of dissolved oxygen was measured using a WTW Multi 3400 meter with a Cellon 323 oxygen probe. Measurement of water velocity was performed using a SENSA RC2 electromagnetic meter equipped with an RV2 probe manufactured by Quantum Dynamics Ltd. Aqua Data Services Division. Moreover, the depth, sedimentation and macrophyte overgrowth of the river were measured at each research site.
Simultaneously, water samples were collected from the studied rivers. The samples were collected in accordance with the current norms. The concentrations of N-NO 3 -, N-NH 4 + and P-PO 4 3in the waters were determined as well. The concentrations of nitrogen forms and phosphates were determined in the Research Laboratory of Environmental Chemistry of the Institute of Technology and Life Sciences in Falenty using the colorimetric method by means of a Skalar automated continuous flow analyser.
The differences in the number of species and the number of fish between the period before the maintenance works and the period after the works were evaluated using a chi-squared test (χ2 test). Principal Component Analysis (PCA) was also used to reduce the multidimensional data sets of all the elements to lower dimensions, thus simplifying the presentation and interpretation of data. The differences were considered significant at p<0.05. The statistical analysis was performed using Statistica 12.0 software.
RESULTS AND DISCUSSION

Description of environmental conditions and physicochemical parameters of small watercourses
Monitoring of the environmental conditions on the selected rivers indicated diverse water flow, depth, sedimentation and macrophyte overgrowth (Table 2 ). Increased water flow was observed in the studied rivers in year 2018. The effect appears to be connected with increased water passability, being the result of the maintenance works performed on the watercourses. A lower water level was also observed, which might be justified by dry year 2018 and little precipitation in comparison to year 2017.
As far as the riverbed assessment is concerned, the lowest sedimentation was observed in the Tywa River (Table 1) . Except for site 3 on the studied river, the situation changed insignificantly despite the maintenance works. Additionally, sedimentation of the Kanał Habdziński was observed relatively soon where a sandy and hardened bottom was only observed at one site. A different situation was observed on the Rurzyca River, where small or trace amounts of silt were observed on the riverbed (Table 1) .
Moreover, extremely rapid overgrowth with water plants was observed on the Kanał Habdziński after the maintenance works ( Table 1) .
The water samples from each research site were characterised by significant diversification of physicochemical parameters ( Table 2 ). The PCA demonstrated the presence of separate groups of sites for each river (Fig. 2 ). The first component explains 37.50% of total variance, whereas the second component explains 27.09% of total variance.
The values of physicochemical parameters obtained for each watercourse indicate a low quality of their waters. High electrical conductivity (EC>700) was observed at three research sites (Tywa 1 and Rurzyca 2 and 3) and the oxygen content exceeding 5 mg·dm -3 was only observed at sites 1 and 2 on the Tywa River and at site 2 on the Rurzyca River. Temporarily, the water concentration of N-NO 3 exceeded 7 mg·dm -3 at five research sites and the concentration N-NH 4 + exceeding 1 mg·dm 3 was observed at two sites (Table 2). Moreover, the concentration of P-PO 4 3was relatively high and at three sites (Rurzyca 1 and 3 and Hab. C. 1) temporarily exceeded 2 mg·dm -3 . The physicochemical data for each research site affected by the maintenance works (Table 2) demonstrated a slight increase in pH, EC and N-NO 3 at 5 out of 9 research sites and a significant increase in the concentration of oxygen at most research sites after silt removal. Moreover, in the case of N-NH 4 + and P-PO 4 3concentrations, the maintenance works caused an increase in N-NH 4 + at eight sites and in P-PO 4 3at six out of nine sites.
The PCA, the results of which are presented in Figure 3 , and the correlation values in Table  3 (mean values from years 2017 and 2018 were taken into consideration) demonstrated that some physicochemical properties of water in the rivers are correlated with each other (e.g. strongly negatively correlated EC and water concentration of oxygen) and with the number of fish and species observed in the rivers (e.g. the concentration of P-PO 4 3i N-NH 4 + affected the number of fish species in the rivers).
Changes in the number of fish and fish species resulting from maintenance works
Electrical fishing conducted in 2017 and 2018 (i.e. before and after maintenance works) demonstrated a statistically significant increase in the number of fish in the studied watercourses, except for the Kanał Habdziński (Table 4 ). This appears to have resulted from almost a tenfold increase in the quantity of the three-spined stickleback (the Tywa River) and a fivefold increase in the quantity of the roach (the Rurzyca River). Moreover, due to the changes in the habitats of fish, a small decrease in the number of species was observed in every studied watercourse.
Partially protected species in Poland (Regulation of the Environment Minister of 16 December, 2016 concerning animal protection) are given in bold type.
Three partially protected species in Poland (Regulation of the Environment Minister of 16 December, 2016 concerning animal protection) were observed in the catch: the spined loach, the weatherfish and the stone loach. The first two species are also included in Annex II of the Habitats Directive (Directive 92/43/EEC). Interestingly, the stone loach was only observed in the catch after the maintenance works, which is a likely consequence of the changes in the water environment and improvement of habitats for this particular fish species. In the case of the weatherfish, its population decreased after the maintenance works in two rivers, whereas in the case of the spined loach, the species had disappeared at one site, but at another site its population had doubled. It is also worth noting that in the Kanał Habdziński, the population of the invasive species, i.e. Amur sleeper, neither disappeared nor changed despite the maintenance works. This indicates its high endurance, good adaptation to variable environmental conditions and, according to the relevant literature, rapid population recovery (Rechulicz et al., 2015) . In natural flowing waters, dredging is normally treated as a procedure leading to irreversible changes in the environment resulting from removal of all organisms, including invertebrates, connected with the riverbed and water plants (Aldridge 2000) . On the other hand, dredging might have a positive effect on other taxa. In the case of water beetles on a small regulated lowland river, rapid recovery of the species was observed and, after dredging, higher biodiversity and a greater content of rheophilic species were noted in comparison to the previous state (Dąbkowski et al., 2016) . According to Płaska et al. (2016) , silt removal has no significant effect on the Heteroptera diversity, but causes an increase in the population size. The authors note that dredging caused an increase in the number of available habitats which were mainly occupied by numerous pioneer species.
It is common knowledge that the maintenance works in watercourses of agricultural areas and flood plains cause the occurrence of new habitats of plants and animals (Mazerolle 2006; Davies et al., 2008) . Numerous scientific reports concerning the effect of dredging and silt removal concern firmly-bonded organisms or organisms with limited ability to travel in the ecosystem (Kaenel and Uehlinger 1998; Rehitha et al., 2017; Ochs et al., 2018) . Fish are more or less bound to the riverbed where they can reside, feed or reproduce. Still, relatively little is known about the effect of dredging on the populations of this group of vertebrates. According to Desprez (2000) , fish are less susceptible to the effects of dredging than the benthic zone organisms, for example, due to their ability to escape to upper or lower sections of the watercourse. However, there are species that prefer the benthic zones as a place for living and reproduction; for those species, the changes in their environment resulting from maintenance works will have a significant impact (Westerberg et al., 1996) . Sediment removal is also connected with a loss of spawning grounds and habitats for juvenile individuals. Moreover, many benthic zone fish might be affected by the removal of benthos, which is a crucial source of feed (Jurajda et al., 2007) . A theory says that maintenance works might cause better feed availability in habitats resulting from the exposure of resource in silted watercourses (Pérez-Ruzafa et al., 2006) . During the monitoring, we observed new species in some habitats, in comparison to year 2017 and even an increase in the number of fish in the Tywa River and the Rurzyca River. It is believed that during maintenance works, part of less sensitive fish travel small distances to return to their previous habitats after a short time (Da Silva Junior et al., 2012). The possible causes of the phenomenon could be the climatic changes between the studied years, habitat preferences of each fish species and the duration of spontaneous self-restoration of watercourses, which might be irregular depending on many factors.
Small watercourses in rural areas are often intensively overgrown with macrophytes and the riverbed is covered with a significant layer of silt as a result of intensification of agricultural works. In times of increased water levels in rural watercourses, their drainage through dredging very often protects farmlands against flooding. However, it has to be remembered that those small ecosystems contain habitats of native fish populations and other living organisms. Dredging and sediment removal from ecosystems of small rivers is crucial and should be conducted with proper care due to the presence of the species that are economically important and endangered with excessive exploitation.
CONCLUSIONS
The selected watercourses were characterised by low water quality, mainly biogenic substances, which was related to their location in agricultural reception areas. Inventories of ichthyofauna in each watercourse demonstrated a small number of fish species, among which there were three partially protected species in Poland (the spined loach, the weatherfish and the stone loach) and one invasive species (the Amur sleeper). The studies conducted before and after the maintenance works, including removal of silt and water plants, demonstrated a significant negative effect of such procedures on the chemical quality of waters in the studied watercourses. Despite a small decline in the number of species after the maintenance works, a statistically significant increase in the size of fish populations was observed in the Tywa River and the Rurzyca River. It is probably connected with the fact that some fish that are less sensitive to the changes in water quality travel short distances during the maintenance works in order to return to their habitats, while others might appear in these habitats as a result of changes in the habitats. The most sensitive species might disappear due to the direct effect of the works or because of the disappearance of their typical habitats and spawning grounds.
